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(57) ABSTRACT

A sensor device includes at least one sensor unit, which is
configured to detect a detection area; at least one through
element, wherein the at least one sensor unit is configured to
detect the detection area through the at least one through
element; at least one temperature sensor on or in at least one
through element, the at least one temperature sensor being
configured to detect a temperature of the at least one through
element; at least one heating unit, which is configured to
heat the at least one through element; and a controller, which
is connected to the at least one temperature sensor and the
at least one heating unit and which is configured to control
the at least one heating unit based on the temperature
detected by the at least one temperature sensor.
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SENSOR DEVICE AND DRIVER
ASSISTANCE SYSTEM

BACKGROUND AND SUMMARY OF THE
INVENTION

The present disclosure relates to a sensor device, to a
driver assistance system having a sensor device, and to a
vehicle having a sensor device and/or a driver assistance
system. In particular, the present disclosure relates to deicing
and/or dehumidifying in a detection region of a sensor
device, for example in a field of view of a camera that is
used, for example, within the scope of automated driving.

Driver assistance systems for automated driving are
becoming ever more important. Automated driving can be
implemented with different levels of automation. Exemplary
levels of automation include driver assistance, partial auto-
mation, high automation and full automation. The driver
assistance system for automated driving uses sensors which
perceive the surround on a visual basis, both in the range
visible to humans and in the invisible range. By way of
example, the sensors might be a camera, a radar and/or a
lidar. In addition to highly accurate maps, these are the
principal signal sources for driver assistance systems for
automated driving.

Depending on the weather, a detection region or field of
view of the sensors may ice over or become fogged. To
ensure a reliable surround detection by the sensors it is
advantageous to quickly and effectively clear the iced over
or fogged surfaces in the detection region or in the field of
view of the sensors.

It is an object of the present disclosure to specify a sensor
device, a driver assistance system having a sensor device,
and a vehicle having a sensor device and/or a driver assis-
tance system, which can improve the surround detection by
a sensor device. In particular, it is an object of the present
disclosure to improve a driver assistance function for auto-
mated driving and/or to design the latter to be safer.

This object is achieved by the claimed invention.

A sensor device is specified according to one independent
aspect of the present disclosure. The sensor device com-
prises at least one sensor unit configured to detect a detection
region; at least one passage element, the at least one sensor
unit being configured to detect the detection region through
the at least one passage element; at least one temperature
sensor on or in the at least one passage element, the at least
one temperature sensor being configured to measure a
temperature of the at least one passage element; at least one
heating unit configured to heat the at least one passage
element; and a controller connected to the at least one
temperature sensor and the at least one heating unit and
configured to control the at least one heating unit on the
basis of the temperature measured by the at least one
temperature sensor.

According to embodiments of the invention, the at least
one temperature sensor is arranged on or in the at least one
passage element of the sensor device. Expressed differently,
the at least one temperature sensor is part of the sensor
device and not arranged outside of the sensor device. As a
result, it is possible to determine more precisely as to
whether the detection region of the at least one sensor unit
has iced over or fogged, and so the at least one heating unit
can be controlled more precisely and hence it is possible to
reduce the time for deicing or dehumidifying. In this way, a
driver assistance function for automated driving, for
example, can be improved and/or designed to be safer.
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The term “detection region”, as used within the scope of
the present document, relates to a region that is detectable by
a sensor unit. In particular, the detection region can be
specified or defined by a detection angle of the sensor unit.
If the sensor unit is an optical device, for example a camera,
the detection region can be a field of view of the optical
device. In this case, the field of view describes the region
within the viewing angle of the optical device.

Preferably, the at least one passage element is an optical
element of a sensor optical unit. The optical element may
bring about a change in a beam profile of the optical rays
coming from a surround region and striking the at least one
passage element. By way of example, the optical element
can be a lens, a beam shaping optical unit, etc. In a further
example, the optical element may bring about substantially
no change in a beam profile of the optical rays coming from
a surround region and striking the at least one passage
element. By way of example, the optical element can be a
cover element, a protective glass, etc.

Preferably, the at least one passage element is a radome.
The radome is a closed protective casing which protects the
at least one sensor unit (e.g., a radar antenna, a directional
antenna, etc.) from external mechanical and chemical influ-
ences such as wind or rain. The radome may also be referred
to as a “radar dome”.

Preferably, the at least one sensor unit is selected from the
group comprising, or consisting of, a camera, a radar, a lidar
and an ultrasonic sensor. However, the at least one sensor
unit is not restricted thereto and may be any other type of
sensor unit configured to detect a surround region of a
vehicle, for example.

Preferably, a wavelength transparency of the at least one
passage element is selected on the basis of the type of the at
least one sensor unit utilized. In particular, the at least one
passage element is substantially transparent to the wave-
lengths detectable by the at least one sensor unit. Optionally,
the at least one passage element may be opaque to at least
some of the wavelengths not detectable by the at least one
sensor unit.

Preferably, the at least one passage eclement is at least
partly optically transparent and/or at least partly optically
opaque. The terms “optically transparent” and “optically
opaque” may relate to the visible wavelength range of light,
and in particular to the wavelength range visible to humans.
The visible wavelength range may be defined in the range
from approximately 750 nm to approximately 400 nm.

In one example, the at least one sensor unit may be a
camera, and in particular an imaging camera. In this case,
the at least one passage element may be substantially
transparent to the visible wavelength range. In a further
example, the at least one sensor unit may be a lidar. In this
case, the at least one passage element may be transparent to
wavelengths detectable by the lidar, and may be substan-
tially opaque to the visible wavelength range.

Preferably, the at least one passage element has a first
region which is transparent (e.g., optically transparent) and
a second region which is opaque (e.g., optically opaque).
The at least one sensor unit can be configured to detect the
detection region through the first region of the at least one
passage element. The at least one temperature sensor may be
arranged in the second region of the at least one passage
element. In this way, the at least one temperature sensor can
be protected from external influences, for example solar
radiation, such that a more precise temperature measurement
is facilitated.

Preferably, the controller is configured to set a power of
the at least one heating unit in such a way that the tempera-
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ture of the at least one passage element is less than or equal
to a specified threshold. By way of example, the specified
threshold may be 70° C. As a result of the direct measure-
ment of the temperature of the at least one passage element,
the controller can react more quickly to an actual change in
temperature. Hence, the heating unit can be driven with a
higher power without the specified threshold being exceeded
inadvertently. This facilitates faster deicing and/or dehu-
midifying of the at least one passage element.

According to a further independent aspect of the present
disclosure, a driver assistance system for a vehicle, more
particularly a motor vehicle, is specified. The driver assis-
tance system comprises the sensor device as per the embodi-
ments of the present disclosure.

The driver assistance system is preferably configured for
automated driving.

In the context of this document, the term ‘“‘automated
driving” can be understood to mean driving with automated
longitudinal or lateral control or autonomous driving with
automated longitudinal and lateral control. Automated driv-
ing can involve for example driving for a relatively long
time on the interstate or driving for a limited time in the
context of parking or maneuvering. The term “automated
driving” encompasses automated driving with any level of
automation. Exemplary levels of automation are assisted,
partly automated, highly automated or fully automated driv-
ing. These levels of automation were defined by the German
Federal Highway Research Institute (BASt) (see BASt pub-
lication “Research compact”, issue November 2012).

In the case of assisted driving, the driver permanently
carries out the longitudinal or lateral control, while the
system performs the respective other function within certain
limits. In the case of partly automated driving, the system
performs the longitudinal and lateral control for a certain
period of time and/or in specific situations, wherein the
driver must permanently monitor the system as in the case
of assisted driving. In the case of highly automated driving,
the system performs the longitudinal and lateral control for
a certain period of time, without the driver having to
permanently monitor the system. However, the driver must
be able to take over control of the vehicle within a certain
time. In the case of fully automated driving, the system can
automatically manage driving in all situations for a specific
application; a driver is no longer required for this applica-
tion.

The four degrees of automation mentioned above corre-
spond to SAE levels 1 to 4 of the SAE J3016 standard
(SAE—Society of Automotive Engineering). By way of
example, highly automated driving corresponds to level 3 of
the SAE J3016 standard. Furthermore, SAE J3016 also
provides SAE level 5 as the highest level of automation,
which is not contained in the definition by the BASt. SAE
level 5 corresponds to driverless driving, wherein the system
can automatically manage all situations like a human driver
during the entire journey; a driver is generally no longer
required.

A vehicle, more particularly a motor vehicle, is specified
according to a further independent aspect of the present
disclosure. The vehicle comprises the sensor device accord-
ing to, and/or the driver assistance system as per, the
embodiments of the present disclosure.

The term vehicle comprises automobiles, trucks, buses,
motorhomes, motorcycles, etc., which serve to transport
people, goods, etc. In particular, the term comprises motor
vehicles for transporting people.

Exemplary embodiments of the disclosure are illustrated
in the figures and are described in more detail below.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a sensor device according to
embodiments of the present disclosure.

FIG. 2 schematically shows a sensor device according to
further embodiments of the present disclosure.

FIG. 3 schematically shows a sensor device according to
further embodiments of the present disclosure.

FIG. 4 schematically shows a vehicle having a sensor
device according to embodiments of the present disclosure.

FIG. 5 schematically shows a flowchart of a method for
operating a sensor device according to embodiments of the
present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

Providing nothing else is noted, the same reference signs
are used below for the same elements and for elements with
same effect.

FIG. 1 schematically shows a sensor device 100 accord-
ing to embodiments of the present disclosure.

The sensor device 100 comprises at least one sensor unit
110 configured to detect a detection region 112; at least one
passage element 120, the at least one sensor unit 110 being
configured to detect the detection region 112 through the at
least one passage element 120; at least one temperature
sensor 130 on or in the at least one passage element 120, the
at least one temperature sensor 130 being configured to
measure a temperature of the at least one passage element
120; at least one heating unit 140 configured to heat the at
least one passage element 120; and a controller 150 con-
nected to the at least one temperature sensor 130 and the at
least one heating unit 140 and configured to control the at
least one heating unit 140 of the basis of the temperature
measured by the at least one temperature sensor 130.

In the example of FIG. 1, both the at least one temperature
sensor 130 and the at least one heating unit 140 are arranged
outside of the detection region 114 of the at least one sensor
unit 110. The detection by the at least one sensor unit 110 is
not impaired by this arrangement.

In some embodiments, the at least one passage element
120 is an optical element of a sensor optical unit. By way of
example, the optical element can be a lens, a beam shaping
optical unit, a cover element, a protective glass, etc. The at
least one passage element 120 may consist of an optically
transparent material for example.

In a further example, the at least one passage element 120
may consist of a plastic which is substantially transmissive
or transparent to at least a certain wavelength range.

However, the at least one passage element 120 is not
restricted to optical elements and could be a radome, for
example. The radome is a closed protective casing which
protects the at least one sensor unit (e.g., a radar antenna, a
directional antenna, etc.) from external mechanical and
chemical influences such as wind or rain.

According to some embodiments, the at least one sensor
unit 110 is selected from the group comprising, or consisting
of, a camera, a radar, lidar and an ultrasonic sensor.

A transmissivity or transparency in relation to certain
wavelengths or wavelength ranges of the at least one pas-
sage element 120 may be chosen on the basis of the type of
the at least one sensor unit 110 utilized. In particular, the at
least one passage element 120 can be substantially trans-
missive or transparent to the wavelengths or wavelength
ranges detectable by the at least one sensor unit 110.
Optionally, the at least one passage element 120 may be
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substantially non-transmissive or opaque to at least some of
the wavelengths 120 not detectable by the sensor unit 110.

In one example, the at least one sensor unit 110 may be
a camera, and in particular an imaging camera. The camera
may have an optical axis 114, as shown in the example of
FIG. 1. In this case, the at least one passage element 120 may
be substantially transparent to the visible wavelength range.
In a further example, the at least one sensor unit 110 may be
aradar, lidar or ultrasonic sensor. In this case, the at least one
passage element 120 may be transmissive or transparent to
the wavelengths detectable by the radar, the lidar or the
ultrasonic sensor, and may be substantially non-transmissive
or opaque to the visible wavelength range.

In some embodiments, the controller 150 is configured to
set a power of the at least one heating unit 140 in such a way
that the temperature of the at least one passage element 120
is less than or equal to a specified threshold. By way of
example, the specified threshold may be 70° C. As a result
of the direct measurement of the temperature of the at least
one passage element 120, the controller 150 can react more
quickly to an actual change in temperature. Hence, the
heating unit 140 can be driven with a higher power without
the specified threshold being exceeded inadvertently. This
facilitates faster deicing and/or dehumidifying of the at least
one passage eclement 120.

The at least one heating unit 140 can be a resistance
heater. In some embodiments, the at least one heating unit
140 can be attached directly to an outer surface of the at least
one passage element 120. In further embodiments, the at
least one heating unit 140 can be embedded in the at least
one passage eclement 120.

FIG. 2 schematically shows a sensor device 100 accord-
ing to further embodiments of the present disclosure.

In the example of FIG. 1, both the at least one temperature
sensor 130 and the at least one heating unit 140 are arranged
outside of the detection region 114 of the at least one sensor
unit 110. Alternatively, the at least one temperature sensor
130 and/or the at least one heating unit 114 may be arranged
within the detection region 114 of the at least one sensor unit
110.

FIG. 2 shows an exemplary arrangement of the at least
one heating unit 140 within the detection region 114 of the
at least one sensor unit 110. The at least one temperature
sensor 130 may be arranged outside of the detection region
114 of the at least one sensor unit 110. Such an arrangement
is advantageous for ensuring fast deicing or dehumidifying
of the at least one passage element 120 in the detection
region 114 of the at least one sensor unit 110.

In some embodiments, the at least one heating unit 140
can be configured such that it substantially does not influ-
ence a detection by the at least one sensor unit 110. By way
of example, the at least one heating unit 140 may consist of
a transparent material. Additionally or as an alternative, the
at least one heating unit 140 may comprise a plurality of
elongate heating elements (not shown) which have a thick-
ness small enough to substantially not influence the detec-
tion by the at least one sensor unit 110.

FIG. 3 schematically shows a sensor device 100 accord-
ing to further embodiments of the present disclosure.

In some embodiments, the at least one passage element
120 has a first region which is transparent (e.g., optically
transparent) and a second region which is opaque (e.g.,
optically opaque). The at least one sensor unit 110 can be
configured to detect the detection region through the first
region of the at least one passage element 120. The at least
one temperature sensor 130 may be arranged in the second
region of the at least one passage element 120. In this way,
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6

the at least one temperature sensor 130 can be protected
from external influences, for example solar radiation, such
that a more precise temperature measurement by the at least
one temperature sensor 130 is facilitated.

In an exemplary embodiment, the second region can be
defined by a black mask 310. The black mask 310 may be
applied to a surface of the at least one passage element 120
in order to define the first region and the second region.

However, the present disclosure is not restricted thereto,
and the first region and the second region may be provided
by material properties of the at least one passage element
120, for example.

FIG. 4 schematically shows a vehicle 400 having a sensor
device 100 according to embodiments of the present disclo-
sure. In particular, the vehicle 400 may be a motor vehicle.

The vehicle 400 may comprise a driver assistance system
and the sensor device 100 according to the embodiments of
the present disclosure. In particular, the sensor device 100
may be provided as a component of the driver assistance
system. The driver assistance system may be configured for
automated driving.

Within the scope of automated driving, the longitudinal
and lateral control of the vehicle 400 are implemented
automatically. Thus, the driver assistance system takes over
the vehicle control. To this end, the driver assistance system
controls the drive, the transmission, the hydraulic service
brakes and the steering.

To plan and carry out automated driving, surround infor-
mation from a surround sensor system observing the vehicle
surround is received by the driver assistance system. In
particular, the vehicle 400 may comprise at least one sensor
device 100 according to the embodiments of the present
disclosure, which are configured to record surround data
specifying the vehicle surround. By way of example, the at
least one sensor device 100 may comprise a lidar system, a
radar system and/or a camera.

FIG. 5 schematically shows a flowchart of a method 500
for operating a sensor device according to embodiments of
the present disclosure. The method 500 may be implemented
by an appropriate algorithm that is executable by a processor
(e.g., CPU).

In block 510 of the method 500, icing or fogging is
detected in the detection region of the sensor device. This
detection may be used as a trigger to drive the heating unit
in block 520 in order to deice or dehumidify the detection
region of the sensor device. The heating unit may be driven
on the basis of the measured temperature in or on the
detection region, at least one heating restriction (e.g., a
maximum heating temperature), a heating strategy, etc.

The heating unit can be operated until at least one
termination condition is satisfied in block 530. By way of
example, the at least one termination condition may be the
at least one heating restriction, the complete clearing of
deiced or fogged surfaces, etc. If the at least one termination
condition is satisfied, the heating process is terminated in
block 540.

According to embodiments of the invention, the at least
one temperature sensors is arranged on or in the at least one
passage element of the sensor device. Expressed differently,
the at least one temperature sensor is part of the sensor
device and is not arranged outside of the sensor device. As
a result, it is possible to determine more precisely whether
the detection region of the at least one sensor unit is iced or
fogged, and so the at least one heating unit can be controlled
more precisely and hence a time for deicing or dehumidi-
fying can be reduced. In this way, it is possible to improve,
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e.g., a driver assistance function for automated driving
and/or design the latter to be safer.

What is claimed is:

1. A sensor device comprising:

at least one sensor unit configured to detect a detection
region;

at least one passage element, the at least one sensor unit
being configured to detect the detection region through
the at least one passage element;

at least one temperature sensor on or in the at least one
passage element, the at least one temperature sensor
being configured to measure a temperature of the at
least one passage element;

at least one heating unit configured to heat the at least one
passage element; and

a controller connected to the at least one temperature
sensor and the at least one heating unit and configured
to control the at least one heating unit based on the
temperature measured by the at least one temperature
sensor,

wherein the at least one passage element is a unitary
structure consisting of an optical element or a radome,
and an entirety of the unitary structure is transparent to
wavelengths that are detectable by the at least one
sensor unit,

wherein a black mask that is applied to a surface of the at
least one passage element defines a first region which
is transparent to the wavelengths that are detectable by
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the at least one sensor unit and a second region which
is opaque to the wavelengths that are detectable by the
at least one sensor unit,

wherein the at least one sensor unit is configured to detect

the detection region through the first region, and
wherein the at least one temperature sensor is arranged in
the second region.

2. The sensor device according to claim 1, wherein the at
least one sensor unit is a camera.

3. The sensor device according to claim 1, wherein the at
least one sensor unit is a radar, a lidar or an ultrasonic sensor.

4. The sensor device according to claim 1, wherein the
controller is configured to set a power of the at least one
heating unit such that the temperature of the at least one
passage element is less than or equal to a specified threshold.

5. A driver assistance system comprising the sensor
device according to claim 1.

6. The driver assistance system according to claim 5,
wherein the driver assistance system is configured for auto-
mated driving.

7. A vehicle comprising the sensor device according to
claim 1.

8. The vehicle of claim 7, wherein the vehicle is a motor
vehicle.

9. A vehicle comprising the driver assistance system of
claim 5.

10. The vehicle of claim 9, wherein the vehicle is a motor
vehicle.



